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BEST AVAILABLE COPY 



*J * $L $ 



m W&m%&foMM:¥jm&*ik4b4T& (pin) ft &4r 



&£.*A>$&*]m (pinned layer) ft 6$ 

^4^, e>*T^T^^atpa^>t# (GMRiL^ ) , >&&i£#t>&X,# ( TMR 

^>t^^L^^p||^>gr, *T&M:¥)t&fc7jfa$L*T& (pinned) (i£,E)3. 
fixed) &m7Ltf)7TftX, ft \b£i6MK>7rfa$t^M%$L4t> />Lft 7 

^^t,>5ri6j^|j &>£#,8Hfc,;3ri6j (^laj ) ^A^^A^ (relative angle) 



^^^^r^^m^^^MixMjmm^^^^ 

flu i£*>U&n.*T&JkMimfc7rfa**& &&&&tt,zri(Qi&& t tf}ji# i $iJbib 

M ( W-kr>, AMMM: antiferromagnetic ferromagnetic ) ; 

mm; 

4, ft ft Mi (pinning) #&#£fri£^L>gr<^ 

f&/s&jLi&M%&famM:ifim&f t £tt&m, trii (pin) 
& jL&x&m fo^ms mj m mmitj* & Mj mm -tmm &*om 



£ ^miL /tft , it # TtftA^^L jfcb * |S) ^" ft *T4L8tffc (pin), 
afrits* feteiN*: 

Mtii'iik* m. ®*t, femk^ntfj-^ft®* , ,mhapm_l, ft;#>5rft 

^ N &ft<3Li^;gr#J S *L6^^> ft _t;3rft^&M. N &ft>(3L-f #Ji#| 
S*L^^. ft£^ft^/M^N;&T#}fttei^,£'fol S *&#^jf»ft T^r 
fa±^tifafa& J f&TWSMmi% (^it© 56 ^ 57 ) . Xfr-f- 
-^S*L, ft£^ftJ^/MM&1^;£#JN;felft SMm^f. faTTffo-t 

S *&<ft>gjFJt^ft Ji^ft^/SUM*-?" ^T#l N tiift S M#km. 



s 3 AS 2 ^^^^naiiiit.'ff (ia) >ei-i^*j&@; 

Q 10 &&Wi!ki±&f >HN*. 1 «*4MMt*ti4tftiF*H9 ; 



^.^5$^^^^h^Bt, S l ft-**}— (la) 6VMR 

^.^55>^^^^h^Bt, S 1 ft&lttjZ— 4-jm&LHL$kjsL?ttf- # MR 

9 24 A£^i£it^t#~^#4&, 2t#,&#^&#-£'J^^#©; 

a 26A^^Jitit^t^— 2ttJfrf*&3&*$-*ja&-»r*B; 
© 27 A£#]i£i±^t tf — 2 #>&#&l§-#-£']3^7i®; 

® 29A^.^Jitit^t^— 2^^#^^^^J^7rr^S; 
m 32 A£#Ji$Ut^t tf — ^iM&, 2 tf.SM^gtf-^^T&B; 

® 33^£#Ji£ii*t*tf— ^^,£;&#U#>&^II#*J&^©; 
S 34A^*»Jitit^t^— ^#^,^^'J 2 6*>*sNt&ll#£«^B; 
S 35^^Jita±^t^— 2 tf*frf*4&ll#*ld&^*B; 
a 36 *4L**^#«-|feA*^ ( m 1 ttf X#>2f6 ) !&7Lft&1lo& 



tfWfc&l*,®; 
(la) # MR****ffe*i*ffl; 
(la) ^ MR#-^^4fc#^,©; 

&>l££4fctf *M*^Rt> *Mfr£;&#'J 2 #3 — ^**HtaUtft^.# (la) <tf MR 

® 40 A4t*£*MM*£*fc-W i 2 ^^KLii:7t#la^,^^^4r4t>g:6^ 
&&jrft4?M7rfi±&J&^&tf*\-&%tir> 6 ********** 

®; 

® 43;!® 42 ^/rVrr^^r — X & GUK /Lft¥) J ^&jsk*L-fc-&®; 
® 44^® WtH-*#i%— X4*GMRtL#>&® 43 6*> 2 - 2 UU«|&^;t® ; 
® 45 ^iM ® 43 ff[TFift%— X # GMR I) ® ; 

® 46 43//r^^^— X4*GMR>t^^%F-a<& ( £l£) 

£ X46*t£j£>fb#>mi£#£4fc#>l*®, Si;a-/b4*-4$»feML (^^,) ^BSt-f 

® 47 4:fe^® 42^*4**l**»t** X4*>##&&tf#*t<fe*£®; 



m 48 &&*® 47 P/r-fttf X & % A ( ) #l*fr-J-£. 

$ 52 A® 51 fafc^4k*Z*&ik%® 51 # 3-3£U'Jfc®; 

8 53^f-^/fc#/*J£@ 42^f^^^t#^H^*Jitt^^^J^ 

© 55 42 ^r^6^>m#^ll^*«Jitt^#^^^J©©; 

9 56 54 t *^*4fe^**B8 ; 

m 57 ^.iJtB^ © 42 #T7i;tfjfikft&&tfj-&^ CMR ^th*n&&#l*&*&7r 

© 58^iX.^S 42 /^-^^^#^^^^^^-^^ ^ ^ 6^ S ; 

m 59A^m 42^r^^^t#^^^^ib^>a^^^^fB]^^^,©. 

-b>® lfi/r-iF, — £&W{ftmft&&&&i&'f<i { )&zrfi?rtA 10, 

^^l&it^&it/ff (&L) 11, 2K ^J^^#-^.@ 30#»£^'fe.*l#&40a 



J.40f, £-t*£^#>& lQW*>*ru& SiO,/Si, 

.XjLSLft OB.) 11* 21*>X&% f i&$t£ t m 30^'J^%*L*fA 40a, 40b, 40c, 
40d> 40e*> 40f *£4£ e * -^f&it^TG-ft ( ) 11 ^^l&il^TLfr 

(^L)ll, ^^T^tKlit.^7t# (M) 21 ^^S^.. 

2^-7?:, ^&i£*t&it# (M) 11 (,fc*#.J + 

A 20 ^ ) $ &jM*#*4MiUfc£*.fH4A. $r^*&m.&#LMjtft&'fr£ 
^T&tSL (lower electrode) 12, T 1 2 1 0 Jt # 3& @ t , 

m 3&-*7%® 2 # 1- 1 #T%*t 12#A?'J, ^jMMtft 

_tl%^^^^^^. T*,*l 12 fc^fctf #;&'&^&#*|-Ta (T^ACr 
Jl Ti ) *JA, 30nm. ^^ffc^l 12 _h^J5>J,g£ PtMn ffl 

30nm tfjJfiLikfikJgL 13, # Jl#,5L4A>i£J3l 13 ^ Ai&J? T*,4il 

12— 

^•Jl-^-^A^M 13 Jl, NiFe #JA#, 20nm 

6$4*>8*M*t 14, 14. M^@t. ii^4*>S*Mst 14, 14*>fr*&^#. 

# JL#^j^^-^ii#:^#^^. 4iM&&i4, i4^A4r-*L£, ^t-t^-fb 

^^J^L^^^M13^L 0 £S 4 ^^W^@^#^^iSjJi(5rp^j6,^^ 
^ftJ^)#45Us*/& 14, 14£fc>to 0 itJL, iL4M&/& 1 3 *»4*AM ( ) 
14, H^iAE)^.^^^, .*t4&8*JBI14* UMfo7>rfi£i4-®%. <2pJL 
#©£.#^#,4* axis) . 

14 is, is $rtmk*&m u -# 

6^dg^#.. jJt^^>& 15 dj^^Mt**- A1,0 } (A1-0)#JA, yf>£.*.^;$ lnm. 
£&^>g: 15 AttSM* 16, 16 *^^*fc^>gr 15 — #<tf^ 

80nmtf NiFe A. 16 #r A £l xb M: ( & 



i£4fc*M 14 MM4T^M:^^^M: 15 — ^AAMill^^. 
t£i&, iL4*.>8M£ 13, #b8*/&14, 15**4M&J& 16 ^>^l^.i£ 

#U$L7b4t, ( 1*7 *fe ) . 

«>MWW 16 ^HfUftH 17, 17 **i»*4H&iMt 

16;te|5j 6M^^4*. tf fc Ta 40nm 
#hMj/£jtt^i£/& 17. 

£;&Ji.*t&lO, Tfc&i2, jgLiktikmn. 4M&&14, %>%tJk\5. 4k 
Mm. 16 *»AfltJt 17 ^E^t^^f«J^^ 18, ^^^I^^^^T*, 
#. 12 *>£.4M*JUt 13, #JUf) -f <ML«l**i**^iL4fc*JJ|-13 Jitf-M^ 
4jU&J&*t 14, iftlflLM^-is. 4MMJ*l6*»A*JUt 17. «fi|£4Mt 18 

* SiO,*MA#JUf.*.#fr 250nm. 

#i±J&,g:|Bj3M£,grl8, £-£^j£iiU& 1 7 Ji^J5']^/3U*/IUL 1 8a. 
^fc-komte (Al ) >^-;U$ 300nai#Ji<fe,;fell9, 19, 4& 

Hk^L18a t, #i**#*jt*^RT**L12 ( *^M5t&/& 1 3 ) Jitfig; 
ijU&*M7, 17 4s iti±#^^P^Ptil^^^-^^^[ 

16 >h 17, 17 t^^— 13, 13 

t##— ^-5T%4at 12, ^45i^l3^pJi«,*ll9^^i^#., 

*mifc*t£7b*fr (is.) ii, ^i*i*it*tA^,# (&n ii t» &4rllM:£r% 

*n 3o^^_hit^i!aiii:^7G^ (ia.) 11, 21 ju*&&a*HtJ», 
21 tf)T&#&J%mtiiLtiL&M7ift (ia) 11, 21 tf^L^^e^iMt 



# 55T 6) Jl*14t . 

&® 5 J. 12;**© 14 J. 17 t> ^TtJLbj, ^ifcT&f a£i£-&ifte9'M* 
30 <#4$i£. 

tt,£4**U dicingx£, Ji**^A^A 

T4&12#. &Ta#]&#J&, 30nm. i&ii*UN-£**J J£ 

13#»4M*J&(4r*Uft)14, jR/fL^Jij^ 30nm#» 20nm. , T*L&L 

12. ###il45k&te 13 PtMnjft*#4t*4UMt 14 ft FeNi M#:^^T 
SJ. 

itb^r, lnm 6$4S, #.BJfl|l*UMfc45» A1,0, ( Al-0 ) M# 

A^«Ail6, 80nm, £*Jl#A* Ta JidMfcjftJfc 

*Ml7, 40nm. 16 frAtittt 17 JiJiLg: UJ. 

^#>j5E.iC#Ji*>f.>$.#^ 250iim, i&i±3&#£&jL^&& Cr #J/&.# 
J&fc& NiFe#J&##|, frjtfrMZl lOOnm^ 50nm, ##4* A 

^-41^.4*^51, *»B9^. #^,^k^J 51 ^S#3&;t6^#., 
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NiCo 10nm. |KJ&, 11 lit*, lfr**t*k#J4u&, *t#^4t 

iftiit^f*bW, (Ar4fc8»J) i*lfc*#^JtJMUHI#J&tf-NiFe, 12 /3f 

© la&^JUfc&ttJMtt-f-tiBl. £Sl3t> ^T*«, Ji^Mhfc 

(frOp^^te^tft^©, %&,^^tik%,&fr>#kM: (NiCo) , ^^^^,^^f>g: 

(NiCo) *#i£##i£55r^#, Jtt^-T-^aj^AA^A^w^^p 
10 # + J fr3-i9i%f&%i&liot&M; (NiCo) , fe&&#k&Jt*>i%fa 
±%mmtf&T&t&l&*£M'lft (IBL) IK 21Jl6$-*P^ (portion) (Pp, 
4fc#*#####«ifc3lfc£>t,'fr ( £R ) IK 21 iZMr-grftmTt&ttl, 
£^&@t> ^i|[^^T^#>fti(;^r4L>&>m>gr^T>^^SJ) . >fcjlM*. 

^L^^^ 1000 (oe) 6^^, fefttiki%&fr>mM:£® 13 +ffr* A/«frn*tt 

IK 21 tf4fifr&faT^4TTi%^frtfKA*&tf&%>. f&&, ^7#d7 
PtMn ti&ftJLtitatJt 13 #JL^#£&M^*&^ Hex, 

#A 10 Jl^^l^il^>L# (&l) ll#*^*^L>g;, J&^L/gr^&jfc* 

Wtt^fcjiibtf'ffe (WD (£il*Wt;;iT, &&tfL&t-§tM.tfjjrft-t ) . 

(la) IK 21 1 t##*#T^#3r 

ii 



*»Bl4*h^, *)m&fk4r&&f&mCo$>1sliMtfj NiFe, 
Mfe-kCT, >S 15^. jtb^, ^®16^t5t, ^it^faJ^M 18 ^/fc 
#J$ML 18a; -fr® 17 Mf^, iti±aUt^/fc# 300nm # Al # Al JL 
^^^jL^fe 19. 

10 Ji^^g 1 /5frira*»&#l*f£ 40a J. 40f, #<fe&Jf-;& 
40a J. 40f ^J4£4M*MUtjft£.# (la) 11, 21^^,® 30. it 
itCVD^/£& SiO#JiUKi, # 150nm#jg| ( ) SiN$|&#. >Ef- 
lOOOnmtfM (;M^ife ) , ####J& . 4b&, ititftttl > iU£ 

40a ^40f. tfttA&lt&M- (m.i±mfe&%) ; i&il&JX 

»a^!|*^,^a^8t^^pa^^MR(MR^). $**.i£-f-|8 18 19, X^® 
18 19#T^^Tifc, MVUtXjLSLft (la) 11 # MR4Lf&*Mft*£ X 4* 

it*it*T**HtaWtft^ (&) 11 t> *4rM^«^^f ^fff X 

*t-f © l ^/r^^^i^it^TG^ (la) 21, &Aafi\-m%,, 

^-fjt«!'JJ:^fe^^N-^*,Ka^.^MR(MR^). It^-^^g 20^21, 
20^» 21 #-5T^^T{fc, ^il^Tt^ (la) 21 ft MR if Y& 
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PtMn^p NiFe^j^, fin%~%foWtf}t&4bM:ibM- 30nm MnRh 40nm 
<ft NiFeM (4r4L>g-) #)J&. >5T^, 

*P, — t,*>© 22#^ f iiiijM^MtJfclOJttfjfcjf 30nm 

#TaM. >f- 30nm#MnRhMjfa^-40nmG$ NiFe/&, ttte#AT#b& SJ, 

^&lnm<tt A1/&, 4MUKi*AlJt v i» 9 A AULA 15, ££-_t^/£ 
>f- 40nm # NiFe 40nm 6$ Ta J3£, ^^.^ A-h^A UJ. 

*»g|23/st^, ^Pi^l^Ji^^ UJ, ^Pi^R^T^ASJ, 
24J5fr*?. *»ffl 25^f^, SiO,^/&Uf 250nm6$M, fll^AAfS) 

A^-A 18, ft) Ifc* A 18 ^A.«Jtk4L 18a, >@ 26 #f^. 4M". 

20. 

29 W-fc, iii±aM*^Arfl Cr f'JA^M^i? NiFe 
•fe to lOOnm^ 50n«n, ##4£a.<#&A, #4", 51, 

@ 30 #f^, #$t*fe#j 51^X^7^^^^, te£*$JL;£&#i&;ft4!t& 

*>® 31 MtTjT, # NiCo 4MtflM ft ft&foj&mM:. W*>, # NiCo 

13 



&#4fc#>J (Ar^fc^J) , »a^^^,^4!t^.^J^6^ NiFe, 33/?^. 
£j*tN*, *M*t-Fffl 13^f*r6$j|*&. £i&*t4fc;&T> &-5^m%,& 

M, *tT/e&ft&%&®LtiL&&7tft (£a) 11' . 21' 6*-^, it 
it NiCo ii<j&mtik4b&faM%>. iM&% J t4f J f±tii-fy<frtf) J £j&jrft. f£&, 

10' ji^>mi^il^7G# (ia) it . 2r ft ft ?r 

m M w*, m.a&.mf&r-2c&&tfj&M;i&ci, -h® 35/^. i*^ 

^f-^^Jit#^-f @ 1 £a ) (gi #r^tf lr ), 

U&m&&frMmtftf&W.&fc^MR(m^) a &%L-*1-m 36 
37, 36#r» 37#»T^*rf«, >&&i£&,&7L#- (£a) ll' <tf MRif^&*h 

^£X&^£^t.^£>to#te,&J« Y %.4t*h$Httf) 

il^iit^T^l^il^Tt^ (la) 11' t, £-<*T-*Ug6$,SiMfc 
^^Mf^X**. 

|SJ#, *t"f-@ 1 PfT-*tf}Mt£i&*t&jltf- (&L) 21' , tefo^tikHb, i£ 
±&fom%tttf&fZ£4b&toK(M&). &iM^-f @ 38*» 39, 38 
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39#T*;tiij, «t&4t*t&£.*H&) 21' MR Y &7rfa 

$tfcJn$.4l¥lti,j£tbfa*\>*&%£. X ft tfj&fcJn Otitis, &£^ B i^ifo 

&4j-*Hl, ^#JL;fc|^#,& 10' Ji, 

0^180°) . Tet#£&**#&*J94Mf*4t48 /fl^Afe, 

A*.^JftiHt CVD & »*t«4Ltf , X ait*.X^. . 

yft&)&*k>&Ltfe. &*]i£ijL, jtfti&U. 21. ir > 21' 



*l4L,- (*:^90°), &;|-*Mkg&,£ (&*H£) 
ilT^itit® 19, 20, 37 38 

^ri€j_t^^t^ (NiCo) fth *Fi&4UUt (NiCo) ^^4-^^^^ 
Bt , £i& itiMLft ^^«M4b^4MLll4L^ f- £ 6^^^ * ft # J? JbftjBE 

^#^B^. ill*, ^S41^r^r, ^WtWM^^i&f^, # 

T*£-->h#,&jL<Mi£^^ TMR2 
(^L— >|-^>t _t^^|!^at^>t^TMRK TMR2, ^ t^r^^Jtt-ffc^ri^-fifc 

— *> % — 4*4frft& g l* , # JL £*fc#J % & GMR tg##j 

j&^&II 60*;T*E^ (i&^A-£>5r^) 4L%& 

42 #Ttt:6$-¥^® t$u&#jL6$, v&#X##»Y4*6$#Ji£, #JU&# 
^&60&^: *^^^^J^6^#.^^ (^fsj^#^,)60a, it^>t 60a 
Jl-t X Y 4*6* Z *Mrft Ji^.A*'J-; ^ 60a _fc#>V** GMR 
7t>Vc 61-64. 71-74; 60a Ji6^M^*f& 65-68, 75-78; 

16 



& X ijft _Ltf 60a &}*&-fyMi&*> Y $MrfttfS 
# 60a «&t*-*4M*T— £#)&&*t&%-X&GlAKx J tf' 61,4x^^47 

60a^|^-lpi#ifi:^ > ^^^^Y#^r^^^^ 60a Jl 
— — X 44 GMR 62, 4rfrA«l*r4U*ib&*l&. X # 
^l^?Ji, ^S42t^f^W. ^ X^6^iE^r^^^>t 60a 

Y&^ttJ^ 60a t^^-t— £#14±$.1&& 4 %J=- X 

f-^r^T^. ^X^^iL^r^Ji^J.^ 60a 6^^-^l#ifi:^^^4t-se,^E. Y4A^- 
60a ttt£#^T— Ati4fcJL#jMC* X& GMRit^ 64,4r^ 

60a # + — Y# GMR/t# 71,'*r4U****r4L 

^^^rj^^L Y#6^jE>5r^_L, -h® 42 ^ itfj^^f/f-^ . £ Y jE^t^j Ji 
6^^.>t 60a 6*#^»i£^&#4«^X#:fr6jL^&;t 60a # 
;£-<#43L.M/£,£ — Y & GMR 72, 4ULM:^j4T4^t^^J^ Y #6^iL^- 
ftji, 42 t##:*#r^. £ Y&tfflySrftiitfJ^ 60a tfj%,-fym& 

%e&tf)&vL&X&$-fajLtf}&$ 60a ^t*^^*^i^A|5 -H. Y#» 
GMR 70^73, 4-T*l>M;tfi*T&mZ7r&)£. Y^^^^t^jJi, in©42t^# 
r&#T7F. £ Y#^^^-i6jJL6^^>t 60a ^^^Pfft^^^^iX,^ X 4*55"^ 
-httJ&Jf 60a ttfj t ^^'A^^i^^^W Y 4* GMR 74, 4rHM:tf) 

GMR 61-64, 71-74 ^^Jl^j*^|S|^^^, BfcT'S 
60a Ji^^J.^BJtt^^^ 60a4T4U>g^^^L^^^r^^(eJ. 
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- X 4* GMR x/ft 61 >ft4L#'J jMfifc'feto . 

X&GMR>b#61 tf-f-ftS 43^v&S 43 6$ 2-2^,6^^]^^^ 
© 44/3f*F, X#GMRit^61 d*L0Q4& (spin valve) J$ SV 

*0&#-Bjg Y#;*ft>ft##Mtf 61a 61a 

CoCrPt «4Uft##«A^^MtA (MMUMUt) 61b.. .61b, 4&*&J|£ 

61b 61b Y #>3Ti6j _L#-jM-^ 61a ^^^i^-#PT^. # 

61a. ..61a jUM^lUMt 61b #Jl4L& _t£ X 
^JUl^M?**?*^-*^ 61a 

45 t#JBUitf*/9f?F, $ — X 4* GMR tg^ 61 # &&m$L SV & & & 
( tj *£Hfc>£ ) F, & Cu{N&6^2.4nm(24A)#-^fcfil>gS. 4T4LE);t 
^MPWCM, ^^^j.J^^#^^^^ 60a Jl, m-fcTAAC 
(Ti ) iM& (Ta) #J/fc, #_BJf- 2. 5nm(25A) 
Ij F^^^^^h^^i^^^^.^jL^^^,^^ 60a 
_t&# CoZrNb # B 1,3tg- 61-1, ^z^E. CoZrNb 61-1 _h^# NiFe 

tikM 61-2 NiFe MM: 61-2 _h&<# CoFe >gr 61-3 ft A, CoZrNb # 

61-1 8nm( 80 A), NiFe £bg 61-2 it}M-J$L% 3. 3nm( 33 A), 

CoFe 61-3 ¥i&SL&&X) l-3nm ( 10-30 A) . CoZrNb #Afitg 61-1 ^ 
NiFe ^>gr 61-2 CoFe & 61-3 ffi ^E$\it NiFe & 61-2 t 

#Ni*»l*,*S61-4 ttfCu Jii£«*« 61b...61b £ Y 44 

^rjij ( © 43 t^f-*^r*^^^^^i^ ) ^t) fcvgF;&;fa4Mm, jfj-f 

SI Jt>SMfc,& P AM- 2. 2nm ( 22 A ) CoFe 61-5 ^>!f. 24nm (240 A) 
6$^45U&J& 61-6 61-6 45-55 %p t PtMn 

A . £3M8^# 3r # CoFe 6 1 -5 # et it # >&4fc*&#l 61-6, 
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•koik%3& i tf)%— X # GMR rtfy 61 *#i^hfc^J&itj;b£.4btf ^.Ea^iL, 
i&ttMm&jb -Hc#J + Hc <tf ^W^-to, #JL*^TISt>& Y#St4b 

i4J±^— i# X GMR it^ 61-64 4*4Hfr&4M4A X 4MHt&S, 
>@ 47 + ^*i:'fe,*MH*. iti, £B 47 +H-*4L* GMR ic# 61-64 # 

4rfrM;&i4Tlif&it7nh. £il*t*M*>t, *fit 67 jfb^jt 68 as«4iijfc# 

fc« ( ) #it;M*##U£.&, Vxin+(^E^t^l. 5V ) 

Vxin- CM^JtAOV) . 65^^:66^^^, ^ 

% Vxout+#* Vxout-, (Vxout+- Vxout-) ^ife^J., 

#^SI#4friii Vxout. X^^^l^^.^rTit'^^^h^^^ithb^ 
^^#Tib Vxout, jHl^^^>&4- X - He 5»J + He l*|£>fb> -fr 

m 48 *f tf$«(AhF, #JlX#,##&|£i£&^7i$tv& T4b£fel$*hJttJ» 

Y*U&#&||. *fc*h ^77^^78^'J^'lt^:^^ 
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54/^, *]/fl&^#]#*;MH^4M2...82 (fiXAtf} 83 
6*T4-&. itit^>^^83b^^A^^4^82^ll^t-f^L 83 6^ 
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